The possible etiologic roles of infection and bed rest are discussed in connection with a case of maternal homozygous Leiden mutation leading to prematurity, maternal deep-vein thrombosis and neonatal intracranial hemorrhage in a heterozygous premature baby. Maternal bacterial infection and bed rest may trigger deep-vein femoral thrombosis in women with a homozygous Leiden mutation on tocolytic therapy for the treatment of premature labor. The neonate carrying at least one mutated allele of factor V Leiden might be at risk for the development of intracranial hemorrhage.
Introduction
Maternal and neonatal thrombotic events are severe complications in the perinatal period and are responsible for a significant proportion of the maternal and neonatal morbidity and mortality. The incidence of venous thrombotic complications associated with pregnancy ranges from 0.68 to 1.00 per 1,000 deliveries in different studies [1] . The Leiden mutation is characterized by an inherited resistance to activated protein C (APC). As a consequence of this mutation, the factor V coagulation protein will predispose to thrombosis [2] . The prevalence of this mutation in different populations ranges from 2 to 7% [3] . Furthermore, it has been demonstrated that APC resistance is a very common disorder, found in 30-60% of cases with familial thrombophilia [3] .
A number of reports have documented the relationship between factor V Leiden and maternal [2, [4] [5] [6] [7] [8] or fetal complications of pregnancy [9] [10] [11] [12] [13] . This mutation provides a basic risk of an undesirable pregnancy outcome. If other predisposing factors, such as perinatal infection and bed rest, are coupled with a factor V Leiden mutation, the risk of thrombosis may be increased.
This paper concerns a woman with a homozygous Leiden mutation. Her pregnancy provides evidence for the thrombotic role of the Leiden mutation, with the hypothesis that the thrombosis was triggered by perinatal infection and bed rest.
Case Report
A nonsmoking woman (age: 23 years, G: 1) with a singleton pregnancy at 29 weeks of gestation was hospitalized with uterine contractions, confirmed by cardiotocography. The ultrasonographic biomet- Sikovanyecz/Orvos/Pá l/Katona/Endreffy/ Horvá th/Szabó rics revealed a fetus appropriate for gestational age. On the day of admission, the length of the cervix was 1 cm and the diameter was 2 cm, estimated by palpation. The white blood cell count was 13,000 Ìl -1 and C-reactive protein level was below 5 mg liter -1 . Bed rest was prescribed, an intravenous infusion of a ß 2 mimetic was administered to terminate the uterine contractions and an intramuscular injection of 10 mg dexamethasone was applied for respiratory distress syndrome prophylaxis. The vaginal microbial culture revealed Enterococcus faecalis infection, and antibiotic therapy (sulbactam/ ampicillin) was initiated. The uterine contractions stopped and the next 10 days were uneventful. A repeated vaginal microbiological test 8 days after the antibiotic therapy was negative. The repeated white blood cell count was 9,200 Ìl -1 . The woman remained hospitalized and 15 days later, in week 32 of gestation, she complained of left inguinal pain. The body temperature (38.0°C) and the pulse rate (95 min -1 ) were measured. The white blood cell count was 14,300 Ìl -1 , the C-reactive protein level was elevated over 25 mg liter -1 and the level of the D-dimers was 30 Ìg ml -1 . A blood pressure of 110/70 mm Hg, a platelet count of 300,000 ml -1 , an activated partial thromboplastin time of 33,3 s, a bleeding time of 70 s, and a coagulation time of 245 s were measured. Coagulation studies revealed no IgM or IgG anticardiolipin antibodies in the mother. She had normal levels of antithrombin III, protein C, total and free protein S, factor XII, fibrinogen, plasminogen, and normal fibrin plate lysis. Ultrasound examination of the left lower extremity indicated a thrombosis in the vena femoralis communis and in the proximal part of the vena superficialis. Blood flow was not detected in this part of the vein, and a decreased blood flow was measured in the distal part of the vena femoralis superficialis, the vena poplitea, and the vena tibialis anterior and posterior. After the diagnosis of deep-vein thrombosis, the patient was treated with heparin, and antibiotics were restarted. Ca-heparin was administered to achieve a 2 times higher maternal activated thromboplastin time. Five days after confirmation of the deep vein femoral thrombosis, the mother still had fever, and her uterine contractions restarted. The maternal white blood cell count was 15,600 Ìl -1 . The C-reactive protein level was 28 mg liter -1 . Repeated intravenous tocolysis was unsuccessful and a 2,350 g preterm male child was delivered vaginally. The infant seemed to be healthy, with Apgar scores of 7 at 1 min, and 8 at 5 min. The placenta appeared normal on visual inspection, but was not subjected to pathologic analysis. After birth, the infant developed tachypnea and the chest X-ray images demonstrated RDS, so he was transferred to the Neonatal Intensive Care Unit (NICU). From postpartal day 3, progressive intracranial hemorrhage was observed in the boy by cranial sonography, without signs of superior sagittal sinus thrombosis. A computed tomography scan of the head on the next day revealed intraventricular hemorrhage in the right hemisphere. A repeated image showed a 1-to 1.5-cm wild hyperechogenic fold around the lateral ventricles and a 1.5-cm diameter fluid decomposition under the gyrus cinguli. The diagnosis was hemorrhagic intracranial infarction. As a consequence of the intracranial hemorrhage, hydrocephalus developed. The increasing intracranial pressure was decreased by a ventriculo-atrial shunt. The premature baby was discharged 97 days after delivery. At the age of several months, he required hospitalization because of seizures. The neurologic examination confirmed the diagnosis of epilepsy and he has subsequently been treated with anticonvulsive drugs. Because of the symptoms of increased intracranial pressure (vomiting, drowsiness and fever), shunt revision has been performed by surgeons on several occasions.
At the time of publication, the child is somatically mildly underdeveloped: his weight is 19 kg. He has a number of signs of mental and motor retardation. He is blind, but his blindness cannot be attributed to previous retrolentar fibroplasia. He is unable to attend normal school, and is at home under devoted maternal care.
Since the thrombotic event, the mother is healthy. Lifestyle modification, diet and regular exercise was advised her to prevent vein thrombosis.
After the delivery, maternal bed rest and anticoagulant therapy were continued. On postpartal day 2, the mother experienced left renal pain. Pyuria and leukocytosis in the urine were detected, and accordingly cefalexin therapy was started. The urinary bacteriological culture after antibiotic administration was negative. On postpartal day 23, an upper airway infection developed, but disappeared 4 days later. On postpartal day 34, repeated Doppler examinations of the femoral veins showed an improvement of the circulation in the v. femoralis. The recanalization of the veins was completed and the mother was discharged 38 days after delivery. In 1999, 5 years after the pregnancy, genetic testing for factor V Leiden revealed a homozygous mutation in the mother and a heterozygous mutation in the child. No other thrombophilic mutation was detected.
Discussion
Women who carry the factor V Leiden mutation are at increased risk of developing deep-venous thrombosis, miscarriage and other severe maternal and fetal complications [2, 4, 5] . Pregnancy is a prothrombotic state in which increased levels of coagulation factors and a decrease in fibrinolysis are well documented. These physiological changes are important in minimizing the risk of blood loss at delivery. The phenomenon is likely to contribute to the increased risk of venous thrombosis during this period [6, 7] . The association between factor V mutation and deepvein thrombosis in the mother during and after pregnancy is well established, as are the neonatal complications and hereditary coagulation abnormalities. The clinical observations suggest that infection also predisposes to thrombosis, and various evidence has been published about the relationship between infection and prematurity [14] .
Erhardt et al. [13] found a high prevalence of factor V Leiden mutation in mothers of premature neonates. The association between the factor V mutation and neonatal intracranial hemorrhage was reported by Melegh et al. [9] . Broxterman et al. [12] described a woman who had suffered a motor vehicle accident 10 days before delivery, which was suspected to be a factor predisposing to fetal thrombosis in case of Leiden mutation. Kovacevich et al. [15] observed a higher prevalence of thrombotic events among women after extended bed rest prescribed as part of the treatment for premature labor or the premature rupture of membranes.
In this paper, we present a woman with a homozygous Leiden mutation who transmitted one allele to her baby. The maternal infection (indicated by the fever, elevated white blood cell count and C-reactive protein level), and recommended bed rest were considered to have triggered deep-vein thrombosis in this woman with the homozygous Leiden mutation.
Severe intracranial hemorrhage and hydrocephalus developed in the premature infant. A possible etiology was that the prematurity and the increased genetic susceptibility to thrombotic events might have resulted in microthrombosis in the periventricular veins. The leukomalacia and intraventricular hemorrhage were the consequences of the disturbed perfusion in the periventricular area.
Naturally, a single case report cannot prove our supposition, and further studies are necessary to address the neonatal consequences of factor V Leiden mutation. It is also important to remember that the case reported here was observed in 1994. Today, new and safer treatment regimes are available, e.g. low-molecular-weight heparin instead of unfractionated heparin [1] . Prolonged heparin therapy is known to be associated with a number of maternal risk factors, such as osteoporosis and thrombocytopenia [1] . The fetal risk of heparin is negligible because studies suggest a very low transplacental diffusion rate; accordingly, this cannot be the reason for neonatal intracranial hemorrhage [16] .
Women with a previous episode of venous thromboembolism who are currently not on anticoagulants, those with a protein C deficiency plus a family history of venous thromboembolism, those who are homozygous for a factor V Leiden or a prothrombin mutation, and those with combined thrombophilias are considered at high risk of venous thromboembolism. In accord with McColl et al. [1] , we now manage such patients with once-daily lowmolecular-weight heparin. Thromboprophylaxis is introduced 4-6 weeks ahead of the gestational stage at which the event occurred in the previous pregnancy, or at 24 weeks of gestation in the others.
As the message of this case report, we presume that women with a homozygous Leiden mutation are at increased risk of developing deep-vein thrombosis during pregnancy, especially if infection and bed rest are present simultaneously. Their infants who carry the mutation, at least in the heterozygous state, are also at risk of thrombotic complications such as intracranial hemorrhage. In recent years Leiden or other thrombophilic mutations have been known in advance in an increasing number of pregnant women. These women need an additional pregnancy care, especially when infection is present or bed rest is advised to prevent pregnancy complications. Women with deep-vein thrombosis during pregnancy, and also their babies, should be tested for markers of thrombophilia, because the molecular diagnosis can direct our attention to the need for the prevention of severe maternal and fetal thrombotic complications.
